Abstract This study investigates the influence of low ozone episodes on UV-B radiation in Austria during the period 1999 to 2015. To this aim observations of total column ozone (TCO) in the Greater Alpine Region (Arosa, Switzerland; Hohenpeissenberg, Germany; Hradec Kralove, Czech Republic; Sonnblick, Austria), and erythemal UV-B radiation, available from 12 sites of the Austrian UV-B monitoring network, are analyzed. As previous definitions for low ozone episodes are not particularly suited to investigate effects on UV radiation, a novel threshold approach-considering anomalies-is developed to provide a joint framework for the analysis of extremes. TCO and UV extremes are negatively correlated, although modulating effects of sunshine duration impact the robustness of the statistical relationship. Therefore, information on relative sunshine duration (SD rel ), available at (or nearby) UV-B monitoring sites, is included as explanatory variable in the analysis. The joint analysis of anomalies of both UV index (UVI) and total ozone (ΔUVI, ΔTCO) and SD rel across sites shows that more than 65% of observations with strongly negative ozone anomalies (ΔTCO < −1) led to positive UVI anomalies. Considering only days with strongly positive UVI anomaly (ΔUVI > 1), we find (across all sites) that about 90% correspond to negative ΔTCO. The remaining 10% of days occurred during fair weather conditions (SD rel ≥ 80%) explaining the appearance of ΔUVI > 1 despite positive TCO anomalies. Further, we introduce an anomaly amplification factor (AAF), which quantifies the expected change of the ΔUVI for a given change in ΔTCO.
Introduction
The emission of man-made ozone-depleting substances (ODSs), comprising chlorofluorocarbons, hydrochlorofluorocarbons, and bromine species (e.g., methyl bromide), led to significant stratospheric ozone depletion during the last decades of the twentieth century (WMO 2014) . Since the detection of the Antarctic ozone hole in the 1980s (e.g., Farman et al. 1985) , the scientific community and general public has been concerned by increased ultraviolet radiation (UV) doses due to declining ozone concentrations and related negative effects on human health (WMO 2014) . These concerns have broadened the road for the Montreal Protocol, the international treaty for the protection of the ozone layer. Successful implementation of the Montreal Protocol led to a significant decrease in the emission of ODSs (e.g., Engel et al. 2002; Montzka et al. 1996 Montzka et al. , 1999 , and first studies documenting evidence for the effectiveness of the Montreal Protocol appeared in the recent literature (e.g., Mäder et al. 2010; Solomon et al. 2016; WMO 2014) . Although ODS concentrations peaked between 1997 and 2001 and have been declining since, they are to date well above 1980 levels and projected to remain so in the next few decades (WMO 2014) . Simulations of state-of-the-art chemistry climate models project a steady but slow decline in ODS concentrations over the twenty-first century (e.g., Eyring et al. 2010; SPARC-CCMVal 2010) , leading to a recovery of the ozone layer to pre-1980 conditions in the second half of the twenty-first century (WMO 2014) .
Although the UV wavelength range (200-400 nm) of the solar spectrum comprises only a small fraction of the total energy of solar radiation, it is important for human health and photochemistry due to the high energy of photons in this wavelength range. The UV wavelength range is commonly subdivided in three spectral regions: UV-A (315-400 nm), , and UV-C (200-280 nm) (e.g., Commission Internationale de l 'Eclairage 1999; World Health Organization 2002) .
It is well understood that total column ozone (TCO), cloudiness, and solar zenith angle are the most important factors influencing UV radiation at the surface (e.g., Calbo et al. 2005; Kerr 2003 ). The total column ozone amount is particularly important as ozone is the dominant atmospheric absorber of UV-B and UV-C radiation (UNEP 1998). Furthermore, UV doses depend strongly on aerosol loading (e.g., Kazadzis et al. 2007; Reuder and Schwander 1999; Ruckstuhl et al. 2008) , surface albedo (e.g., Blumthaler and Ambach 1988) , and altitude (e.g., Blumthaler et al. 1997; Schmucki and Philipona 2002) . Cloudiness often masks the influence of TCO changes on UV radiation and may, depending on cloud type and amount, cancel, reduce, or enhance UV signals (e.g., Bais et al. 1993; Feister et al. 2015; Glandorf et al. 2005; Rieder et al. 2010c; Seckmeyer et al. 1996) .
Several studies investigated the evolution of low ozone episodes at mid-latitudes (Anton et al. 2008; Bojkov and Balis 2001; Brönnimann and Hood 2003; Fitzka et al. 2014; Frossard et al. 2013; Hood et al. 2001; Iwao and Hirooka 2006; James 1998; Koch et al. 2005; Krzyscin 2002; Newman et al. 1988; Petzoldt 1999; Rieder et al. 2010a Rieder et al. , b, 2011 Rieder et al. , 2013 . The definitions for low ozone episodes, often referred to as ozone miniholes, vary among studies, and to date, only few studies have analyzed changes in the UV field during low ozone episodes and the general connection between low ozone episodes and UV levels (e.g., Anton et al. 2008; Bartlett and Webb 2000; Fragkos et al. 2016; MartinezLozano et al. 2011; McKenzie et al. 1991; Rieder et al. 2010c) . Furthermore, no uniform definition for ozone or UV extremes is available. Threshold approaches vary among studies between fixed levels and relative or absolute deviations (with the latter identified as not-optimal choice due to the nonGaussian behavior of TCO data (e.g., Rieder et al. 2010a) ). Furthermore, the difference in the northern mid-latitude seasonal cycles of TCO (maxima in late winter/early spring, minima in fall) and UV-B radiation (summertime maxima) complicate the joint analysis of extremes. This study aims on bridging this gap by introducing a joint, anomaly based, framework for the analysis of TCO and UV extremes. This framework is applied to investigate the influence of low ozone episodes on UV radiation in Austria during the period 1999 to 2015.
Data
In this study, we use (1) TCO data from four sites in the Greater Alpine Region (GAR; Auer et al. (2007) ), (2) ground-based UV measurements from 12 sites of the Austrian UV-B monitoring network (Schmalwieser and Schauberger 2001) , and (3) sunshine duration data from semi-automatic weather stations of the Zentralanstalt für Meteorologie und Geodynamik, Austria (ZAMG) located at (or nearby) the UV-B monitoring sites. All datasets are available from 1999 to 2015 (besides UV records for GrossEnzersdorf, Gerlitzen, and Hafelekar, starting in 2004) and described in detail in Sects. 2.1-2.3. Substantial year-to-year variability but no statistically significant (at a 95% level) monthly, seasonal, or annual trends are present in the datasets. The absence of trends is attributed to (1) the time period considered as negative ozone trends have been strongest in the 1980s and early 1990s (WMO 2014) and (2) the limited record length of 17 years.
Total column ozone data
Daily observations of TCO from four ground-based sites: Arosa (ARO, Switzerland), Hohenpeissenberg (HOH, Germany), Hradec Kralove (HRA, Czech Republic), and Sonnblick (SON, Austria), are used in this study. TCO data for HOH and HRA were derived from the World O z o n e a n d U l t r a v i o l e t R a d i a t i o n D a t a C e n t e r (WOUDC), while data for SON and ARO were provided by the Institute of Meteorology of the University of Natural Resources and Life Sciences Austria (BOKU) and the Swiss Federal Office of Meteorology and Climatology (MeteoSwiss), respectively. All groundbased ozone datasets analyzed were obtained with Brewer spectrophotometers using the differential optical absorption spectroscopy principle-i.e., measurements of relative intensities of selected UV wavelengths pairs are used, along with known absorption coefficients of ozone and other parameters such as the solar zenith angle and scattering coefficients-to derive TCO at site basis (e.g., Kerr 2002; Kerr et al. 1985) . A geographical overview about the location of ground-based TCO monitoring sites is provided in Fig. 1 , and information on site altitudes and data completeness for individual TCO monitoring sites is provided in Table 1 .
Ultraviolet radiation data
The Austrian UV-B monitoring network (Schmalwieser and Schauberger 2001 Table 2 . Figure 1 provides an overview about the geographical location of the Austrian UV-B monitoring sites.
Sunshine duration data
Continuous information on sunshine duration in Austria is available from the network of semi-automatic weather stations (TAWES), operated by ZAMG. Sunshine duration data from TAWES sites co-located with (or located in close proximity to) UV-B monitoring sites (see Table 2 ) have been included in the analysis as proxy for cloudiness. As unrobust relationships between daily mean UVI and TCO are found, we include relative sunshine duration (SD rel ; fraction of observed to astronomically possible sunshine duration, in %), as secondary explanatory variable (besides TCO) in our analysis to account for cloud effects.
Methods

A joint threshold approach for the analysis of ozone and UV extremes
To date, various definitions for low ozone episodes have been presented in the scientific literature. Previous studies used (1) fixed thresholds (e.g., Bojkov and Balis 2001; Brönnimann and Hood 2003) , (2) time-varying thresholds based on the deviation from monthly means (e.g., Anton et al. 2008; Koch et al. 2005; Krzyscin 2002 ), or (3) the application of extreme value theory (e.g., Fitzka et al. 2014; Rieder et al. 2010a Rieder et al. , b, 2011 Petropavlovskikh et al. 2015) to determine low ozone episodes. Furthermore, only few studies focused on changes in the UV field during low ozone episodes and the general connection between low ozone episodes and UV extremes (e.g., Anton et al. 2008; Fragkos et al. 2016; Martinez-Lozano et al. 2011; Rieder et al. 2010c) .
All abovementioned concepts to define UV and TCO extremes show limitations, and no threshold approach is particularly suited for the joint analysis of ozone and UV extremes. Therefore, a new approach focusing on anomaly changes is presented in this study. In this analytical framework, daily mean values of both UVI and TCO are converted to deviations from climatological daily means (derived based on linearly interpolated monthly means) in terms of (linearly interpolated) standard deviation. This approach avoids (1) the use of a unique threshold throughout the year (thus allows addressing seasonal variations), (2) unphysical Bsteps^between threshold values at the transition between two consecutive months (in analogy to the method described (for TCO) by Rieder et al. (2010a)), and (3) issues due to differences in the evolution of seasonal cycles of TCO and UV as exceedances of individual anomalies are considered. Thus, the presented approach yields daily anomaly values for the ultraviolet radiation index (ΔUVI) and the total column ozone amount (ΔTCO) (see Eq. 1):
where the subscript i refers to a daily observation of the variable X, X refers to TCO or UVI, X M ;i refers to the linearly interpolated monthly mean of X, and σðX M ;i Þ refers to the linearly interpolated monthly standard deviation of X, respectively. This approach provides a joint framework for the analysis of extremes without further consideration of seasonal variations.
In the following, we refer to days with TCO anomaly smaller than minus one (two) as low (extreme low) ozone days and days with UVI anomaly greater than one (two) as high (extreme high) UV days. Figure 2 shows the number of low ozone and high UV days per year for each site in 1999-2015. We note that the apparent increase in the number of high UV days at some stations towards the end of the time series can be associated with a distinct increase in data coverage at these sites. We note that no such increase is found when the data is analyzed in relative terms.
3.2 Definition of low ozone episodes and extreme low ozone episodes based on a merged multi-site dataset
As individual observational records of TCO are incomplete (i.e., missing values due to meteorological conditions, instrument failures, instrument maintenance, and site operation schedules), we pool information contained in the individual records for the analysis of extreme ozone episodes. Such pooling is justified as statistical analysis shows good agreement among individual records: (1) correlation coefficients for joint observations among TCO sites range between 0.87 (0.94) and 0.98 (0.97) for daily (monthly) means, (2) monthly mean differences range between 14.1 and −1.6 DU, and (3) monthly mean absolute differences range between 4.0 and 14.9 DU. As we are particularly interested in low ozone events, we retain only the daily minimum TCO anomaly across observing sites in a merged TCO dataset. The number of low ozone days per year for the merged time series is shown in Fig. 2a . Hereinafter, low (extreme low) ozone episodes (LOEs/eLOEs) are defined as periods of more than two consecutive days with an ozone anomaly smaller than minus one (two) in the merged TCO dataset.
An empirical method for the exclusion of dubious UV data from observational records based on TCO and SD rel
To identify days with dubious UV observations, a multiple linear regression model for ΔUVI using ΔTCO and SD rel as explanatory variables was developed:
where ΔUVI Mod is the UVI anomaly as predicted for given ΔTCO and SD rel with the regression coefficients β TCO , β SD , and intercept I. Any data point with ΔUVI smaller than a threshold T (which is the multiple regression modelpredicted ΔUVI Mod minus an empirically determined constant of 1.5) is excluded from further analysis. For convenient reference, a representative example for the three-dimensional scatterplot between ΔUVI, ΔTCO, and SD rel with the cutoff plane for dubious data is shown in Fig. 3 , along with the daily course of UVI and SD rel data for a selected day classified as
Bdubious.^This method can further be implemented as plausibility check within the operational routine of the Austrian UV-B monitoring network to aid data quality management. measurements. The gray areas indicate the time periods before (after) sunrise (sunset), the yellow vertical bars give the relative hourly sunshine duration, the black solid line gives the half hourly mean UVI, and the orange dashed line gives the daily mean relative sunshine duration. Information on daily mean UVI and SD rel is provided in the top left corner of the panel, while information on TCO (in DU and anomalies) for the four TCO monitoring sites is provided in the top right Fig. 2 a Number of low ozone days, i.e., days with a strongly negative total column ozone (TCO) anomaly (ΔTCO < −1), per year and TCO monitoring site and for the merged TCO dataset. b Number of high UV days, i.e., days with a strongly positive UVI anomaly (ΔUVI > 1) per year and UV-B monitoring site
Results
In the following, the climatology of low ozone episodes and extreme low ozone episodes in Austria between 1999 and 2015 (Sect. 4.1), the relationship between ozone and UV extremes (Sect. 4.2), and a so-called anomaly amplification factor (AAF) relating changes in TOC anomalies to changes in UV anomalies under clear-sky and partly cloudy conditions (Sect. 4.3) are presented. As it is well understood that UV levels are highest under low TCO and clear-sky or partly cloudy conditions (e.g., Calbo et al. 2005; Rieder et al. 2010c) , particular emphasis is given on the analysis of the relationship between TCO and UVI anomalies on days with SD rel ≥ 80%.
Identification of low and extreme low ozone episodes
First, we turn the focus to the climatology of low and extreme low ozone episodes over the GAR. Over the period 1999 to 2015, a total of 300 LOEs and 28 eLOEs have been identified (see Tables 3 and 4 ). The longest LOE occurred between June 1 and 16, 2000. During this LOE, the highest daily maximum UVI (11.5) within the observational period was observed at monitoring site Sonnblick (June 10, 2000) . Overall, 97 of the highest 100 UVI maxima have been observed at this monitoring site, which is not surprising given the high-altitude location of the station (3106 m asl) and the known altitude dependence of UV radiation (e.g., Blumthaler et al. 1997; Schmucki and Philipona 2002) . The three longest continuous eLOEs persisted 4 days (see Table 4 ) and were embedded in LOEs lasting 8 days or more. Additionally, in Note that each listed episode lasts longer than 6 days Note that each listed episode lasts at least 2 days August 2011, four extreme low ozone days forming two eLOEs (i.e., one low ozone day separates the eLOEs) were identified, which were embedded in a 10-day LOE (see Fig. 4a ). Given the overall large number of LOEs (300) and eLOEs (28), we focus in the following on selected episodes in greater detail. In the recent literature, particular emphasis has been given on the identification of low ozone episodes at northern midlatitudes following the advection of ozone poor air masses out of the Arctic polar region. Such advection of ozone poor air occurred more often in recent years as a result of several particularly cold winters, e.g., 2000, 2005, and 2011 , with large polar stratospheric cloud (PSC) formation (e.g., Manney et al. 2011) . PSC surfaces act as catalysts for the conversion of chlorine reservoir species to active chlorine radicals, which-once sunlight returns in Arctic spring-facilitate significant ozone depletion (e.g., Peter 1997; Solomon 1999) . Following the breakup of the Arctic polar vortex in spring, the advection of ozone poor air masses to midlatitudes can occur, which then in turn can lead there to a significant increase in UV radiation as observed most recently in 2011 (e.g., Bernhard et al. 2013) .
The outward propagation of ozone poor air masses from the Arctic in spring 2000 triggered one of the longest LOEs on record, lasting from April 13 to 24, 2000. Unfortunately, the influence of this LOE on UV radiation in Austria has been hard to assess, as only a limited number of UV observations is available during this period. In contrast during the LOE in March 2005, complete records of UV observations are available at almost all monitoring sites. The initial phase of this LOE was characterized by Fig. 4b ). Despite pronounced TCO anomalies, UVI anomalies have been low to moderate throughout most of the LOE as predominantly cloudy conditions prevailed. In the Arctic spring of 2011, ozone loss rates have been, for the first time, comparable to average Antarctic conditions (e.g., Manney et al. 2011) . Propagation of ozone poor Arctic air masses affected large parts of Europe in March and April 2011. In the GAR, ozone poor Arctic air encountered ozone-rich ambient air; thus, local TCO anomalies have been moderated. Nevertheless, three extended LOEs totaling 26 low ozone (and 4 extreme low ozone) days have been identified: March 28 to April 3, April 6 to 12, April 16 to 23, and April 27 to 30. Particularly, during the LOE from April 17 to 23, UVI anomalies have been positive nationwide due to fair weather conditions (see Fig. 4c ).
Impact of low ozone episodes on ultraviolet radiation
To analyze the influence of low ozone episodes on UV radiation in Austria, a joint analysis of TCO and UVI anomalies under consideration of SD rel has been performed. The following results are based on the TCO record from Sonnblick only, since the station has the smallest spatial distance to most Austrian UV-B monitoring sites.
The results show a significant negative correlation of ΔTCO and ΔUVI. A particularly strong relationship is found for days with clear-sky and partly cloudy conditions (SD rel ≥ 80%). This is illustrated exemplarily in Fig. 5 for station pair Graz (ΔUVI, SD rel ) and Sonnblick (ΔTCO). Figure 5a shows a scatterplot for ΔTCO and ΔUVI, and Fig. 5b shows a scatterplot for SD rel and ΔUVI, respectively. Expanding the joint analysis of ΔUVI, ΔTCO, and SD rel across all UV-B monitoring sites (see Table 5 ) shows that during 1999-2015, more than 6 5 % o f o b s e r v a t i o n s w i t h l o w T C O a n o m a l y (ΔTCO < −1) led to positive UVI anomalies (ΔUVI > 0) independent of sunshine duration and site. Furthermore, for days with SD rel > 40% and strongly negative TCO anomaly (ΔTCO < −1), more frequently positive than negative ΔUVI is found. On the other hand, on days with strongly positive TCO anomaly (ΔTCO > 1), more positive than negative UVI anomalies have been observed only on days with at least 80% relative sunshine duration at the majority of sites.
Considering only days with strongly positive UVI anomaly (ΔUVI > 1), we find across all sites: (1) about 50% correspond to strongly negative or extremely negative ozone anomalies, (2) about 90% correspond to negative ΔTCO, and (3) the remaining 10% occur during fair weather conditions (SD rel ≥ 80%) explaining a strongly positive ΔUVI despite positive TCO anomalies (see Fig. 6 ). Fig. 5 a Scatterplot of daily anomalies of TCO (observed at site Sonnblick) and UVI (observed at site Graz). The red dots indicate the days with SD rel ≥ 80%, and the gray dots indicate the days with SD rel between 0 and 80%. The solid lines are the regression lines between TCO and UVI anomalies for all data (black) and days with SD rel ≥ 80% (red). b Scatterplot of daily UVI anomalies against daily relative sunshine duration at station Graz. The red dots indicate the days with ΔTCO < −1, the blue dots indicate the days with ΔTCO > 1, and the gray dots indicate all other days (note that TCO data is from site Sonnblick). The dashed black line gives the regression line between ΔUVI and SD rel for all available data. Explained variance (R 2 ) of the regression model is given in the upper left corner of the graph. The figure is subdivided in four regions of interest, divided through a crosshair centered at ΔUVI = 0 and SD rel = 0.5, indicated with a (positive ΔUVI and SD rel < 0.5), b (positive ΔUVI and SD rel ≥ 0.5), c (negative ΔUVI and SD rel < 0.5), and d (negative ΔUVI and SD rel ≥ 0.5)
An AAF relating changes in TCO and UVI
To assess the general relationship between TCO and UVI anomalies, we introduce an AAF in analogy to the radiation amplification factor frequently used in previous work (e.g., McKenzie et al. 1991) . This AAF quantifies the expected change of the ΔUVI for a given change in ΔTCO (i.e., the slope of the regression lines in Fig. 5a ), independent of seasonal and inter-annual variations. To avoid masking effects of cloudiness (represented here by SD rel ), only observations with clear-sky and partly cloudy conditions (SD rel ≥ 80%) have been taken into account for calculation of the AAF. The mean AAF across all considered UV-B monitoring sites over the whole observational period was found to be 0.32 with a mean absolute deviation of 0.05.
Conclusions and discussion
Within this study, we address the influence of low TCO on UV-B radiation in Austria. To this aim, we analyze data from four TCO monitoring sites in the Greater Alpine Region (Arosa, Switzerland; Hohenpeissenberg, Germany; Hradec Kralove, Czech Republic; Sonnblick, Austria) and 12 UV-B monitoring sites operated within the scope of the Austrian UV-B monitoring network from 1999 to 2015. Given the importance of ambient weather conditions (i.e., cloudiness) for erythemal UV-B doses, we include information on relative sunshine duration (SD rel ) observed at or nearby the UV monitoring sites.
As none of the definitions for low ozone episodes presented in the scientific literature is particularly suited for the joint analysis of ozone and UV extremes, we present a novel approach focusing on anomaly changes (see Sect. 3). Our approach avoids (1) the use of a unique threshold throughout the year (thus allows addressing seasonal variations), (2) unphysical steps between threshold values at the transition between two consecutive months, and (3) issues due to differences in the seasonal cycles of TCO and UVas exceedances of individual anomalies are considered. Therefore, it can be regarded as improved time-varying threshold approach, allowing not only the identification of ozone extremes but also their specific impact on erythemal UV-B radiation. Fig. 6 Fraction of observation days (in %) with strongly positive UVI anomaly (ΔUVI > 1) categorized into days with extremely negative (ΔTCO < −2, dark red), strongly negative (−2 ≤ ΔTCO < −1, red), negative (−1 ≤ ΔTCO < 0, orange), and positive TCO anomaly combined with high relative sunshine duration (ΔTCO > 0 and SD rel ≥ 80%, gray) Table 5 Percentage of days with strongly negative (ΔTCO (−) , i.e., ΔTCO < −1) and strongly positive (ΔTCO (+) , i.e., ΔTCO > 1) TCO anomaly for days with (a) positive ΔUVI and SD rel < 50%, (b) positive ΔUVI and SD rel ≥ 50%, (c) negative ΔUVI and SD rel < 50%, and (d) negative ΔUVI and SD rel ≥ 50% The first values in each column represent the percentage of days with respect to all available observations at this site, while values in brackets give the percentage with respect to all strongly negative/strongly positive TCO observations
As individual TCO records are incomplete, we pool information and consider the daily minimum TCO anomaly across sites (Sect. 3.2). Furthermore, we use this daily minimum TCO anomaly to define low (extreme low) ozone episodes (LOE/eLOE) as periods of more than two consecutive days with an ozone anomaly smaller than one (two) standard deviation(s) (Sect. 3.2). Over the period 1999 to 2015, a total of 28 eLOEs and 300 LOEs have been identified in the merged TCO record (Sect. 4.1). Several low ozone episodes occurred following the advection of ozone poor air masses out of the Arctic polar region. Such events occurred more frequent in recent years as the Arctic experienced several particularly cold winters, e.g., 2000, 2005, and 2011 , with large polar stratospheric cloud formation (e.g., Manney et al. 2011) .
The joint analysis of the TOC and UVI anomalies (ΔTCO and ΔUVI, respectively), under consideration of the relative sunshine duration, showed a significant negative correlation especially during fair weather conditions (Sect. 4.2). More than 65% of observations with a strongly negative TCO anomaly (ΔTCO < −1) led to a positive UVI anomaly (ΔUVI > 0). For days with more than 40% SD rel and a strongly negative TCO anomaly, more frequently positive than negative ΔUVI has been observed at all sites. On the other hand, on days with strongly positive TCO anomaly, more frequently positive than negative UVI anomalies have commonly been observed on days with at least 80% SD rel .
Finally, we introduce an AAF, which quantifies the expected change of the ΔUVI for a given change in ΔTCO (Sect. 4.3). To avoid masking effects of cloudiness, only observations with clear-sky and partly cloudy conditions have been taken into account. The mean AAF across all considered UV sites over the whole observational period was found to be 0.32 with a mean absolute deviation of 0.05. Since the AAF quantifies the amplification of the daily mean UVI anomaly, it cannot be directly related to the radiation amplification factor (RAF), which quantifies the expected change in instantaneous UV irradiance for a given change in TCO. However, the AAF can provide useful information for forecasting UVI anomalies under fair weather conditions from total column ozone predictions and/or to evaluate potential changes in UVI extremes from ozone fields derived from transient chemistry-climate model integrations.
